Abstract The aim of this paper is to review hypotheses regarding pain mechanisms in headache and relationships between headache pain and the brain's emotional network. There is evidence that chronic pain in idiopathic headaches is, in part, an emotional response induced by alterations in the homeostasis of the interoceptive system-a system that integrates nociceptive information with the emotional network (mediating emotional awareness). These findings suggest that idiopathic headaches are probably due to both an altered pain matrix on the one hand, and an altered affective-cognitive state on the other.
the signal is relayed via well-known pathways through the thalamus to reach cortical areas concerned with the perception of head pain [3] . In fact there are two pain pathways: the neospinothalamic tract and the paleospinothalamic tract.
The neospinothalamic tract is an almost direct periphery-spinal cord-brain pathway, typically conveying acute pain sensations that undergo minimal modulation before reaching the cortex, and providing sensory-discriminative information (''how and where''). However, this kind of perception, defined ''nociception'', is not yet pain. To feel pain, it is necessary that messages transmitted via the paleospinothalamic system arrive at the cerebral cortex. The paleospinothalamic system is concerned with affective aspects of pain, and signals undergo modulation at several points en route to the cortex to change how pain is eventually perceived. Both the neo-and paleo-spinothalamic systems interact with cortical association areas [4] .
However, assuming that only these pain transmission pathways are involved, idiopathic headaches such as migraine have characteristics that are difficult to explain.
For example, it is well established that headache frequency and intensity can be influenced-and perhaps headaches can be triggered-by psychological factors such as stress, attention, expectation, relaxation-based therapies and suggestion [5] . In addition, during pain-free periods, migraineur brains are hyper-excitable [6] , and while experiencing headache, responses to various stimuli are abnormal. Thus, in many migraineurs, sensory stimuli such as light, odours and noise can exacerbate the headache, and sleep onset can abort severe headaches. This cerebral hyper-excitability might be due to altered balance between excitatory (e.g. glutamate) and inhibitory (e.g. GABA) neurotransmitters [7] . If this were the case, it would provide a rationale for the use of the so-called neuromodulator drugs in migraine prophylaxis, since these substances act by changing the balance between glutamate and GABA in the brain [8] .
Finally, notwithstanding earlier beliefs that dilated cranial blood vessels, plasma serotonin, and cortical spreading depression precede or accompany certain headache types [9] , most idiopathic headaches (including migraine without aura and tension type headache) are not associated with a distinguishing biomarker or with objective changes in peripheral tissues.
It seems important, therefore, to turn our attention to the overlap between the brain systems underlying emotion and those concerned with pain and pain modulation. Clinicians concerned with treating headache are well aware that stressing stimuli play a role in triggering a migraine or a cluster period. This experience suggests that the cortical and subcortical circuits that regulate emotion have a significant influence on the regulation of pain. And we need to understand the mechanisms by which this interaction takes place to improve our understanding of idiopathic headaches.
It is clear that headache is not a neuropathic pain. The IASP definition of pain is ''an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage'' [10] and characteristically includes: None of these characteristics apply to migraine pain. So we should consider the possibility that idiopathic headaches are not purely pain conditions, but instead might represent a physical response to functional alterations in the CNS structures that underlie emotion [11] . And this is more likely to be the cases in patients with chronic recurring headache [12] .
We know that various cortical and subcortical structures are critical for the expression and experience of emotional states: limbic system-related structures such as the anterior cingulate cortex, frontal medial cortex, anterior temporal cortex, amygdala, hippocampus, and related thalamic and hypothalamic nuclei. Furthermore, functional magnetic imaging (fMRI) data obtained during migraine attacks demonstrate that the limbic system is activated. The insula and amygdala-limbic system structures-influence the so-called pain matrix, via the hypothalamus and, in particular, are involved in the inhibition of nociception [13] .
There is also evidence that the brainstem control of pain is altered in migraine, in particular, activation of the periaqueductal grey matter (PAG)-implicated in defence reactions, and together with the hypothalamus in the regulation of the autonomic system-has been demonstrated during a migraine attack [14] .
The basal ganglia are also implicated in migraine [15] . They are known to be involved in the modulation of pain signals and the modulation of higher cortical function, in particular, via the frontostriatal circuits.
Persons with major depression have been reported to have reduced volume of the orbitofrontal cortex, and, as is well-known, persons with chronic migraine are often depressed [16] . Furthermore, a PET study [17] has shown orbitofrontal cortex hypometabolism both in patients with chronic analgesic-overuse headache evolving from episodic migraine, and in patients with drug dependence. Similarly, an fMRI study carried out by our group [18] showed that female patients with chronic migraine with medication overuse (CMwMO) had hypoactivity, compared to controls, in some areas of the lateral pain pathway, primary somatosensory cortex (S1) and posterior parietal cortex (PPC), following noxious mechanical stimuli. These hypoactive areas returned to normal activity within 6 months of medication withdrawal, suggesting that hypoactivity may have been induced by the overuse of symptomatic medications. Another possibility, however, is that it may have been due to chronic cortical downregulation that stopped the pain impulses arriving at the cortex (activity-dependent plasticity arising from the excessive pain inputs that occur during migraine attacks). The reversibility of this phenomenon following medication withdrawal, accompanied by decreased incidence of headache attacks, suggests that no major neuron loss occurs [18] .
To test whether lateral pain pathway hypoactivity in CMwMO patients was due to medication overuse or to altered chronic pain processing, we studied a group of chronic migraine patients (CM) not overusing medication. We submitted them to the same noxious mechanical stimuli as in the previous study. We found that, while CMwMO patients showed hypoactivity of some areas of the lateral pain pathway, CM patients without medication overuse did not show any hypoactivity in these regions (personal data). It, therefore, seems likely that hypoactivity in CMwMO is due to medication overuse and not to chronic pain input. The medication overuse might also be responsible for lowering the pain threshold and amplifying responses to migraine triggers, leading to increased frequency of headache attacks. The fact that CM patients without medication overuse do not seem to have neuroplastic changes in the lateral pain pathway suggests that different factors are involved in headache chronification in these two groups of patients.
From on these findings it is reasonable to speculate that chronic pain is an emotional response arising from an alteration in the homeostasis of the interoceptive systemthe system that integrates nociceptive information with emotional awareness [19] .
Migraine is today considered an illness of the brain. It is characterized by multiple alterations in various cortical and subcortical pathways, and these alterations may arise as a plastic response to repeated pain episodes (in those with chronic migraine), as a result of genetic predisposition, or as a consequence of both. We would go further: recent findings, reviewed briefly above, suggest that the pain of primary migraine is a sign of homeostatic imbalance in the interoceptive system, and that it leads to adaptive responses such as withdrawal, motor quiescence, sympathetic inhibition and lethargy. By contrast, motor agitation (characteristic of CH) would be a fight or flight reaction mediated by the interoceptive system. A consequence of this hypothesis is that personality traits influence not only whether chronic migraine will develop but also whether treatment will be successful. In particular, if treatment is not integrated with biopsychological approaches, it will have a higher probability of failure.
Feeling pain seems to be an essential component in the dynamic of emotions and hence the genesis and driving of behaviour. For chronic migraineurs, pain would be just one component (a major one) of the behavioural response to their condition. This perspective suggests new directions for research-greatly aided by the still-developing functional imaging technologies-that will not only generate new insights into the pathophysiology of primary headaches, but also clarify the relationship between the neurolimbic circuits and pain modulation.
